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Abstract 
The objective of this paper is to study the theory of planned behavior and competitive of driving in China. There exists a much 
research on aggressive driving behavior. However, competitive driving, a common phenomenon in China, has received 
considerably less attention. The present study aims to investigate the dimensionality of drivers’ behaviors and predict competitive 
driving behavior based on the Theory of Planned Behavior (TPB). Data were collected from a self-reported questionnaire 
completed by 225 drivers on the Internet in Beijing. Confirmatory factor analysis (CFA) was used to analyze the underlying 
factor structure. Four latent factors were derived, including speed advantage, space occupation, contention over the right-of-way, 
and space advantage. Structural equation modeling was established. Results indicates that TPB is a good predictor of the 
intention of competitive behavior, and a high correlation between the dimensions of social environment and intention was 
observed. Gender differences in driver competition were observed. The study provides new insights into the linkage between 
competitive driving behavior and the theory of planned behavior. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
On city roads, drivers’ driving processes are restricted by the traffic environment, which include road alignment, 
traffic laws, capacity, etc. Facing limited road resources, unsafe driving behavior may occur in a particular traffic 
environment, such as overly sharp turns, heavy acceleration, hard braking, and fast lane-changes. Therefore, an 
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increase for aggressive driving behavior, road rage, competitive driving behavior, and so on may occur. These 
behaviors are a worldwide phenomenon of an almost epidemic proportion. 
Aggressive driving can be defined as “operating a motor vehicle in a selfish, pushy or impatient manner, often 
unsafely, that directly affects other drivers” [1]. A recent review of the literature shows that this behavior is very 
common. Although it is still unclear to what extent angry driving and/or aggression directly contributes to risk of 
motor vehicle accidents, the American Automobile Association [2] estimated that 56% of accidents involved 
aggressive driving. As a result of the increasing levels of aggression and negative outcomes that occur while driving, 
more researchers are devoting attention to this area. 
Competitive driving behavior may be defined as driving in a manner that maintains progress or passes others on 
the roadway. Sun [3] presented the Competitive/Cooperative (C/C) lane change. This type of lane change involves a 
sequence of interactions: the lag vehicle evaluates the request that the merging vehicle sends and may either 
cooperate by slowing down or not cooperate. Through surveillance we found out that when traffic flow is close to 
saturation in the entrance of city expressway, competitive driving behavior often occurs, such as jumping the queue 
during traffic jams, competitive lane change, etc. 
Competitive behavior is an inter-behavior, which not only exists between the vehicle and the vehicle, also 
between vehicles and pedestrians, and non-motor vehicles. The aim of competitive behavior is to compete for speed 
advantage, right of way, or space advantage when traffic volume is heavy. Competitive behavior is described by 
speed difference, acceleration, space headway and time headway. 
The NHTSA considers aggressive driving as a selfish behavior; speeding was also defined as aggressive behavior. 
It can be seen that aggressive behavior could occur at any stage of the traffic volume from small to large. The 
definition of aggressive driving is more extensive than competitive behavior. 
Competitive driving behavior is a common phenomenon in China. Competitive driving as a unique driving type 
can trigger traffic breakdowns at bottlenecks. This paper studies the formation mechanism of competitive driving 
behavior based on the theory of planned behavior. 
2. Literature Review 
Competitive driving is a common phenomenon in China. However, there are only a few studies on competitive 
driving behavior, including the behavior mechanism, characteristics, influence, etc. There exists much research on 
aggressive driving behavior abroad. In the literature review part, the research progress of aggressive driving 
behavior is introduced, which provides a reference for the research of competitive driving behavior. 
Aggressive driving is of intense academic interest and has been studied widely, including the definition of 
aggressive behaviour [1], by driver behavior questionnaires [4], situational and environmental factors [5], 
personality traits [6, 7], behavior modeling [8], and so on. 
The origins of research on aggressive driving can be traced back to Tillmann and Hobbs [9], who found a 
correlation between specific personality traits and accident liability. This was followed by Parry [10], who stressed 
the driver’s psychological characteristics over the mechanical features of the vehicle. Previous researchers focused 
on the correlation between various factors of aggressive driving, testing the mean differences of factors between 
different driver groups, and identifying the characteristics of various types of risky drivers using factor or cluster 
analysis. More recently, the theory of planned behavior [11] provided models of determinants of human behavior 
which has represented an influential methodological explanation of the relationship between personality 
characteristics and behavior. This socio-psychological theory offers a model that includes attitudes, subjective 
norms, and perceived behavioral control [6]. A large number of studies in transportation research have been 
investigated, such as violation of traffic rules, drunk driving, and aggressive driving. 
With the TPB approach, individuals’ intentions are investigated and their behaviors are predicted for a specific 
situation. Parker et al. [12] used Ajzen’s TPB of in an attempt to measure the attitudes and intentions of drivers in 
relation to drunk driving, speeding, precarious lane overtaking and driving at close-range. Ulleberg and Rundmo [7] 
tried to determine if there was a relationship between risky attitudes and driving styles by using three attitude scales: 
traffic flow vs. rule obedience, speeding, and fun riding. They found a link between attitude scales and driving 
behavior using Structural Equation Modelling. Iversen and Rundmo [13] investigated whether or not attitudes 
toward traffic safety issues are predictors for future risky behavior in traffic. Through two surveys at different times, 
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their results show a high correlation between the dimensions of attitudes and behavior. Efrat and Shoham [14] have 
proposed planned behavior and materialism as predictors of aggressive driving behavior. Their study indicated that 
planned behavior is a good predictor of the intention to behave aggressively and materialism could be a significant 
indicator of aggressive driving behavior. 
Apart from the individual’s properties (attitudes, intentions) mentioned above, situational and environmental 
factors also influence behavior. A large number of studies have examined the impact of factors that motivate, 
stimulate, or elicit aggressive driving. Traffic congestion impacts the tendency to behave aggressively; frustrating 
situations tend to enhance aggressive driving [15, 16]. However, McGarva and Steiner [17] found that there are 
situations on the road rather than frustration that lead to aggressive behavior. 
Of demographic characteristics, age and gender have attracted significant attention. While there seems to be a 
consensus regarding the impact of age on the tendency to behave aggressively on the road (with older people less 
likely to engage in such behavior), the results regarding gender are inconclusive. Some studies have found females 
to be far less likely to engage in aggressive driving [16, 18] while others have produced inconclusive results [17]. 
These previous studies have focused on aggressive driving. However, the most common are about competitive 
driving in China. The literature is still lacking on the role that personality traits have in motivating such behavior. To 
expand our understanding, the current study proposes an intentions and behaviors model based on the theory of 
planned behavior. 
3. Method and Data 
3.1.Sample 
A questionnaire survey was carried out in May 2014 on the Internet. We received 225 completed questionnaires. 
All respondents required a valid driver's license in Beijing, and were nonprofessional drivers. Table 1 gives the 
socio-demographic information of the participants. 
Table 1. Demographic distribution of individuals in the sample. 
Variable n % 
Age   
18-29 130 57.8 
30-39 68 30.2 
40-49 22 9.8 
50 5 2.2 
   
Gender   
Male 136 60.4 
Female 89 39.6 
   
Education level   
Primary/Middle school 3 1.4 
High School 12 5.3 
University 131 58.2 
Master’s degree/doctorate 79 35.1 
   
Driving experience   
1 years 74 32.9 
1-3 years 76 33.8 
3-9 years 52 23.1 
10 years 23 10.2 
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3.2.Questionnaire 
Self-reported acts of competitive driving in traffic included 17 items (see Table 2). The competitive driving 
questions concerning traffic matters were selected to cover violations of the traffic code and other important aspects 
of vehicle interaction. Drivers were asked to indicate how often they carried out each of the activities. The five point 
Likert scale applied ranged from ‘‘very often (mark 1)’’ to ‘‘never (mark 5)’’. 
Seventeen items were developed related to four sub-scales measuring attitudes, subjective norms, perceived 
behavioral control, intentions for competitive driving and social environment. All sub-scales except for social 
environment were based on Ajzen’s [19] original TPB constructs. The respondents judged on a five-point evaluation 
scale how much they agreed with each statement. The scale ranged from ‘‘fully agree (mark 1)’’ to ‘‘fully disagree 
(mark 5)’’. 
Information was also gathered regarding participants, including gender, age, driving experience, educational 
background, driving time per week, and so on. 
3.3.Statistical and Analysis 
Exploratory as well as confirmatory factor analyses were carried out to investigate relationships among observed 
and latent variable sets. First, a principal component analysis (PCA) with varimax rotation determined the 
underlying dimensionality. Then, confirmatory factor analysis was used by the linear structural relation (LISREL) 
analysis program, with the aim of examining the fit of the factor models carried out by the exploratory analysis. 
Various fit indices were used to assess the fit of the model: the goodness-of-fit index (GFI), the adjusted 
goodness-of-fit index (AGFI), normed fit index (NFI), the comparative fit index (CFI), and the root mean square 
error of approximation (RMSEA). Traditionally, a GFI, an AGFI, a NFI, and a CFI above 0.90 indicates a close fit 
of the model to data. Moreover, an RMSEA of 0.08 or less indicates a good fit. 
Cronbach’s alpha coefficient evaluated the homogeneity of the items within the dimensions measuring attitude 
and behavior. In test theory, the reliability of the instrument is one of the most important and basic features of a test. 
Following Nunnally’s [20] criteria, alpha reliability obtained for scales should equal or exceed 0.70. 
4. Results 
4.1.Gender Differences in Competitive Driving Behavior 
It was expected that male drivers would respond more competitively than females. An independent samples t-test 
was used. The result showed that males and females significantly differed for competitive driving behavior (t = -
5.45, p < 0.001). 
4.2.Competitive Driving Behavior Measured 
Principle component analysis with Varimax rotation was used to extract factors. Eigenvalue was used to 
determine the number of factors extracted. The initial factor analysis result revealed a four-factor solution, which 
accounted for 66% of variance (see Table 2). To investigate the fit of this solution, LISREL was applied. Table 2 
shows the four factors. 
As can be seen in Table 2, the first factor was entitled speed advantage, such as overtaking even when others 
keep appropriate speed, and forced overtaking in the case of inadequate conditions. The second factor, space 
occupation, related to driving long time in the overtaking lane, etc. Factor 3, right of way, including not yielding, 
honking and passing when the vehicle closes on pedestrian crossings, and driving in the emergency lane and the bus 
lane. The last factor, space competition covered questions related to jumping the queue during traffic jams, driving 
without enough safety margins, and so on. 
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Table 2. Means and SD for items measuring competitive driving behavior. 
Factors/items Mean SD 
Factor 1. Speed advantage   
1. Overtake the vehicles in front even when it keeps appropriate speed 3.98 0.85 
2. Forced overtaking in the case of inadequate conditions 4.55 0.71 
3. Frequent lane changing to secure more continuous driving 4.02 0.88 
   
Factor 2. Space occupation   
1. Not yield when the vehicles behind you tries to pass 3.53 1.25 
2. Overtaking the vehicles from the right side of the other vehicle  4.00 0.90 
3. Drive long time in the overtaking lane 3.46 1.06 
   
Factor 3. Right of way   
1. Drive in the emergency lane 3.86 1.22 
2. Drive in the bus lane 4.58 0.68 
3. Not yield when you meet the pedestrians in the front 4.61 0.63 
4. Honk and pass when the vehicle closes the pedestrian crossing 4.36 0.90 
5. Driving in the bicycle lane 3.85 1.16 
   
Factor 4. Space advantage   
1. Jump the queue when traffic jams 3.41 0.92 
2. Drive without enough safety margins 4.04 0.96 
3. Forced lane changing where can not lane changing 4.45 0.80 
4. Reduce the distance with the vehicle ahead to prevent vehicle jump the queue 3.62 1.11 
5. Don’t make a turn signal while changing lanes 4.12 0.93 
6. Don’t stop when the yellow light 3.93 0.96 
In the examination of this model with four the latent variables, fit statistics were examined in detail. The 
goodness-of-fit indices suggest satisfactory results for the data (F2 = 370.96, d.f. = 113, RMSEA = 0.065, GFI = 
0.91, AGFI = 0.87, NFI = 0.93, CFI = 0.95). The reliability coefficients were acceptable for most of the factors. 
Alpha values being internal consistency for every dimension are 0.653, 0.677, 0.824, and 0.874, respectively (see 
Table 3). 
Table 4 shows inter-correlations for the factors measuring behavior. There was highest correlation between the 
latent variables of Factors 1 and 4 (r = 0.58), which indicates that these factors are the most similar. Therefore, it 
may be questioned that the variables comprising these factors were too similar and measured behavior too closely 
related to be separated. However, the factors consisted of items representing different aspects of competitive 
behavior in traffic. Factor 1 shows the driver’s attention to speed. However Factors 4 means the driver’s ability to 
eliminate obstacles and compete for space, when there was an obstruction of passage. The relationships among the 
other variables were determined to be low and in the same direction, indicating that competitive driving behavior in 
traffic is multidimensional. 
4.3.Theory of Planned Behavior Measured 
In order to investigate the predictive power of the theory of planned behavior constructs, with the addition of 
social environment, each factor was tested for reliability. Table 5 shows the mean scores and standard deviations 
associated with each of these indices, and the alpha coefficients for reliability of each of the TPB scales. The 
reliability coefficients were acceptable, with the exception for those relating to subjective norms. 
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Table 3. Factor loadings and reliability analysis for competitive driving behavior. 
Factors/items Factor loading Į 
Factor 1. Speed advantage   
Ȝ 1.1 0.50 0.653 
Ȝ 1.2 0.45  
Ȝ 1.3 0.61  
Factor 2. Space occupation   
Ȝ 2.1 0.63 0.677 
Ȝ 2.2 0.52  
Ȝ 2.3 0.88  
Factor 3. Contend the right of way   
Ȝ 3.1 0.55 0.824 
Ȝ 3.2 0.49  
Ȝ 3.3 0.42  
Ȝ 3.4 0.61  
Ȝ 3.5 0.56  
Factor 4. Space advantage   
Ȝ 4.1 0.69 0.874 
Ȝ 4.2 0.62  
Ȝ 4.3 0.62  
Ȝ 4.4 0.76  
Ȝ 4.5 0.65  
Ȝ 4.6 0.72  
 
Fig. 1. Result of CFA. 
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Table 4. Correlations among factors measuring competitive driving behavior. 
Factors 1 2 3 4 
Factor 1 1    
Factor 2 0.16*** 1   
Factor 3 0.28*** 0.22*** 1  
Factor 4 0.58*** 0.30*** 0.43*** 1 
***P<0.001 
Table 5. Means, SD and reliability on theory of planned behavior variables. 
TPB construct Mean SD Į 
Attitude 3.63 0.612 0.63 
Subjective norm 3.78 1.126 0.34 
Perceived behavior control 3.71 0.692 0.81 
Intention 3.42 0.758 0.87 
Social environment 3.07 0.945 0.89 
 
Table 6 shows correlations among the theory of planned behavior variables. There was a highly positive 
correlation between the latent variables of attitude and social environment (r = 0.84). The theory construct most 
closely associated with intention was social environment (r = 0.45) except behavior, so that those with a negative 
social environment might trigger stronger intentions of competition. Subjective norms and intentions were much 
more weakly related (r = 0.28), although the correlation was still statistically significant. Both perceived behavioral 
control and attitude with intentions was determined to be moderately strong (r = 0.37 and r = 0.41, respectively). In 
all cases, the correlations are statistically significant. 
Table 6. Correlations among theory of planned behavior variables. 
 ATT SN PBC INT SE CB 
ATT 1      
SN 0.58 1     
PBC 0.52 0.33 1    
INT 0.41 0.28 0.37 1   
SE 0.84 0.19 0.69 0.45 1  
CB 0.49 0.24 0.32 0.65 0.41 1 
Note: ATT = attitude; SN = subjective norm; PBC = perceived behavioral control; INT = intention; SE = social environment; CB = 
competitive behavior. 
All correlations significant p<0.001. 
 
 
Fig. 2. Result of an LISREL-analysis. 
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A structural equation modeling analysis was performed comprising of four behavior variables and five sub-scales 
based on TPB using LISREL progress. Results from the analysis are displayed in Fig. 2. The result shows that social 
environment (E = 0.68) and perceived behavioral control (E = 0.56) were strong predictors for intention. However, 
attitude (E = 0.37) and subjective norm (E = 0.20) were also associated with intention. Intentions explained 42% of 
the variance in competitive driving behavior, and have a strong impact on such behavior (E = 0.65). 
5. Discussion 
The study had three main aims. The first was to test whether the tendency to engage in competitive driving 
behavior involved gender differences. The second was to test the factor structure of competitive driving behavior. 
The third purpose was to determine the validity of TPB in explaining aggressive driving behavior. 
First, significant differences were observed between males and females in the measures of driver competitiveness. 
Female drivers were less likely to respond competitively than were male drivers. This evidence is consistent with the 
findings of Shinar and Compton [16] and Yagil [21], who observed gender-related differences in attitudes toward 
obeying traffic laws. More research on gender differences in competitive driving behavior is necessary. 
The second aim of the study was to test the factor structure of the competitive driving behavior. For this purpose, 
PCA was carried out in order to determine the underlying dimensionality in traffic-related behavior. Afterwards, 
LISREL program was applied in order to determine whether latent variables defined by CFA showed an integral 
conformity. As a result of principal component analysis, it was determined that 17 items of behaviors were present 
in four factors, which seemed to account for 66% of the total variance. Four dimensions of competitive driving were 
different from that of aggressive driving, including not using seat belts, drinking and driving, etc. These four 
dimensions embodied competitive driving characteristics, and were significantly representative of competitive 
behaviors in drivers. 
While prior research examined the tendency to engage in competitive behavior, four main constructs included in 
the theory of planned behavior were independently and significantly predictive of self-reported competitive driving. 
Overall, we have found that while TPB explains a large portion of the intention to behave competitively, it is 
additionally a good predictor of competitive driving behavior. 
As we initially expected, social environment has a significant influence on the intention of competitive behavior. 
Social environment included four sections. First, competitive behavior was subject to social norms; second, when 
not partaking in competition behavior, one’s right of way could not be guaranteed; third, during congestion, 
competitive behavior was seen as necessary in order to obtain passage; fourth, one’s involvement with competitive 
behavior was influenced by the presence of other competitive drivers. The average each section was 2.90, 3.19, 3.24 
and 2.96, respectively. The overall social environment average score (3.07) was lower than attitude (3.63), 
subjective norm (3.78), perceived behavior control (3.71) and intention (3.42). Therefore, respondents generally 
thought that the chaotic social environment and chaotic traffic state were the main reasons for competitive behavior. 
Drivers had to compete in order to maintain right of way, especially during congestion. 
Personality traits draw on and are influenced by aspects of one’s social environment [22]. Several studies show 
that there is significant correlation between attitude, intention, and personality [23]. We could therefore conclude 
that countries with a good social environment will have a good driving behavior. If this is true, then certain countries 
may be more susceptible to competitive driving due to their social environment. Improvement of the social 
environment in an area could in turn help in improving the driving behavior of drivers. 
Questionnaires provide a good possibility for gathering data on many aspects of driving behavior at a low cost. A 
study by Lajunen and Summala [24] indicates that self-reports of driver behavior are reliable. However, respondents 
overall had a negative attitude towards driving and reported that behaving in that way would not induce especially 
positive affect in pre-survey. Statistics show that a behavior score greater than 4 was true for 57% of the total 
respondents in the competitive driving behavior survey. 
When respondents were being surveyed, they may have misrepresented their actual behaviors. As a result, their 
answers regarding this behavior may have thus failed to reflect their behavior competitively. 
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6.CONCLUSION 
The present study gives us insight into three main issues. The first concerns competitive driving behavior and its 
relation to four factors, including speed advantage, space occupation, contend the right of way and space advantage. 
These four dimensions showed the different between the competitive driving and aggressive driving. In this paper, 
the research sample was of drivers in Beijing, which has congested roads. Further research therefore needs to be 
conducted in other cities, because of different possible road environments. 
Second, the findings suggest that TPB serves as a good predictor of the intention to competitive behavior. Finally, 
social environment dimension was found to be an influence to intention. According to the analysis of the preceding 
context, social environment may be an indirect influence on competitive behavior. 
The measures of intention and behavior incorporated in the present study were designed specifically for a study 
of competitive driving behavior. The present study’s findings add to our knowledge of competitive driving. In the 
future we will focus on the human factor in competitive driving. 
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